Amaranth is a herbaceous annual growing to 15-100 cm tall. It was once nearly as important a food as maize and beans in Central and South America. The Amaranthus plants (Amaranthaceae) are spread throughout the world, growing under a wide range of climatic conditions and they are able to produce grains and leafy edible vegetables.
Amaranth is a herbaceous annual growing to 15-100 cm tall. It was once nearly as important a food as maize and beans in Central and South America. The Amaranthus plants (Amaranthaceae) are spread throughout the world, growing under a wide range of climatic conditions and they are able to produce grains and leafy edible vegetables. 1) Nutritionally, amaranth grain has a 2 to 3 times higher biological value than common cereal grains, while containing substantially higher levels of protein with 2-3 times higher lysine content.
2) Due to its nutritional attributes, amaranth grain is presently being exploited by food manufacturers, both in the United States and abroad, in a variety of thermally processed foods, especially confectionery, cereal and bakery 3) products, and has shown potential for use in infant formulas. 4) Current industrial and public interest in the use of amaranth grain has not only been linked to its recognized nutritional properties, but also to its potential beneficial use as a therapeutic adjunct in diets for hypercholesterolemic susceptible individuals. 5) Recent studies have demonstrated a variety of important and unique nutraceutical type applications for grain amaranth, 6) including its use as an adjunct to lower blood glucose response in non-insulin-dependent diabetics and in other applications to lower blood serum cholesterol levels. 7, 8) Diabetes is a major risk factor for premature atherosclerosis, and oxidative stress plays an important role. In fact, diabetic monocytes produce increased superoxide anion (O 2 Ϫ ). 9) Over the centuries, herbal drugs have served as a major source of medicines for the prevention and treatment of diseases including diabetes mellitus. It is estimated that more than 200 species of plants exhibit hypoglycaemic properties, including many common plants, such as pumpkin, wheat, celery, wax gourd, lotus root and bitter melon but the basis of this activity is frequently not investigated. 10) Synthetic hypoglycaemic agents can produce serious side effects and are not suitable for use during pregnancy. 11) Therefore, the search for more effective and safer hypoglycaemic compounds has continued to be an important area of active research, and after the recommendations made by WHO on diabetes mellitus, 12) research on hypoglycaemic compounds from medicinal plants has become an important aspect of this project.
In the present study two varieties of Amaranthus caudatus (Oscar blanco and Victor red) were investigated with the aim of characterizing the plants for their biological activities, antioxidant and antidiabetic, and oil, squalene and phenolic contents. rated at 40°C by means of a rotary evaporator to remove MeOH. After evaporation the mixture was diluted with 100 ml of distilled water and partitioned with AcOEt at a proportion of 1 : 1. Each extraction was repeated three times. Squalene Analysis and Structural Identification Squalene contents in unsaponifiable fractions were determined using column chromatography on a silica gel (70-230 mesh, Merck). A solution of 2 g of unsaponifiable portions in 5 ml of petroleum ether was loaded and eluted with a diethyl ether/petroleum ether (1 : 1) mixture. TLC was used for detection. Compounds were detected by UV light (254 nm) and H 2 O/H 2 SO 4 (1 : 1) spray reagent. The eluate was evaporated by vacuum evaporation to give colourless squalene liquid. The residues in the column were washed out by chloroform. The squalene structure was confirmed on the basis of spectral data by means of GC-MS through chromatographic comparison with external standard purchased from Sigma-Aldrich, Germany.
MATERIALS AND METHODS

Chemicals
Identification of Components of Unsaponifiable Fraction by GC-MS
The qualitative data of the unsaponifiable chromatographic fractions have been determined through GC-MS. GC-MS analysis was performed on a HewlettPackard gas-chromatograph, model 5890 equipped with a mass spectrometer, model 5972 series II, and controlled by HP software equipped with a capillary column 30 mϫ 0.25 mm, static phase SE30, using programmed temperature from 60 to 280°C (rate 16°C/min); the detector and the injector were set at a temperature of 280°C and 250°C, respectively (split vent flow 1 ml min
Ϫ1
). Compounds identification was verified according to the data system of the wiley 138 spectral library (Hewlett-Packard Co.).
Lipid Peroxidation of Liposomes Assay
The in vitro antioxidant activity tests were carried out using the TBA test.
13) The TBA reaction is based on the fact that peroxidation of most membrane systems leads to formation of small amounts of free malonaldehyde (MDA). MDA reacts with TBA to yield a coloured product, which in an acid environment absorbs light at 532 nm and is readily extractable into organic solvents. The intensity of colour is a measure of MDA concentration. Absorbance at 532 nm was determined on a Perkin Elmer Lambda 40 UV/VIS spectrophotometer.
The incorporation of any antioxidant compound in the lipid peroxidation assay reaction mixture will lead to a reduction in the extent of peroxidation. The methanol, ethyl acetate extracts of both varieties of A. caudatus and squalene were tested for their antioxidant activity against liposomes which were prepared from bovine brain extract in phosphate buffered saline (5 mg/ml). Peroxidation was started by adding FeCl 3 (1 mM) and ascorbic acid (1 mM) followed by incubation at 37°C for 20 min. Ascorbic acid is a well-known antioxidant but it also has pro-oxidant properties in the presence of certain transition metal ions such as Fe or Cu. BHT in ethanol was added to prevent lipid peroxidation during the TBA test itself. Propyl gallate (0.1 mM) was used as a positive control.
14)
Assay for a a-Amylase Inhibition In monosaccaride glucose can be readily absorbed from the gastrointestinal tract into the blood stream after the hydrolysis of glycosidic bonds in digestible carbohydrate foods containing starch by the enzyme a-amylase and a-glucosidase. Inhibition of these enzymes reduced the high post prandial blood glucose peaks in diabetics. In this study, an a-amylase inhibition in vitro model was used to screen the extracts of both Amaranthus caudatus varieties to evaluate their potential hypoglycaemic effects.
The bioassay method was adopted and modified from Sigma-Aldrich (www.sigmaaldrich.com). A starch solution (0.5% w/v) was obtained by stirring 0.125 g of potato starch (Sigma) in 25 ml of 20 mM sodium phosphate buffer with 6.7 mM sodium chloride, pH 6.9 at 65°C for 15 min. The enzyme solution was prepared by mixing 0.0253 g of (a-amylase in 100 ml of cold distilled water. Amaranthus caudatus var. Victor red and Oscar blanco extracts are dissolved in buffer to give final concentration from 1 mg/ml to 12.5 mg/ml. The colorimetric reagent was prepared mixing a sodium potassium tartrate solution (12.0 g of sodium potassium tartrate, tetrahydrate in 8.0 ml of 2 M NaOH) and 96 mM 3,5-dinitrosalicylic acid solution. Both control and plant extracts were added with starch solution and left to react with (a-amylase solution under an alkaline condition at 25°C. The reaction was measured over 3 min.
The generation of maltose was quantified by the reduction of 3,5-dinitrosalicylic acid to 3-amino-5-nitrosalicylic acid. This reaction (corresponding to colour change from orangeyellow to red) is detectable at 540 nm. In the presence of an (a-amylase inhibitors less maltose would be produced and the absorbance value would be decreased. Preliminary experiments were carried out to establish optimal conditions and these were found necessary: starch 0.25% w/v; (a-amylase 1 unit/ml; inhibitor concentration 1 mg/ml. Statistics Data were expressed as meansϮS.D. Statistical analysis was performed using Student's t test. Differences were considered significant at pՅ0.05. The inhibitory concentration 50% (IC 50 ) was calculated from the Prism dose-response curve (statistical programme) obtained by plotting the percentage of inhibition versus the concentrations.
RESULTS AND DISCUSSION
The oil content of Amaranthus caudatus var. Oscar blanco (1.06%) and Amaranthus caudatus var. Victor red (1.08%) did not differ significantly from each other. The concentration of phenolic fraction (AcOEt extract) in both Amaranthus caudatus varieties analysed is lower than in other vegetables and fruits, but it can be compared to total phenolic content in other species of amaranth 15) (Table 1 ). Seeds of both investigated varieties were found to possess very different levels of squalene (2.2% in Oscar blanco variety and 7.5% in Victor red variety) while few differences showed in the qualitative data of unsaponifiable fraction of the two varieties of Amaranthus caudatus ( Table 2 , Fig. 1) .
Lipid Peroxidation Inhibitory Activity The methanol extracts of A. caudatus var. Oscar blanco and A. caudatus var. Victor red seeds did not demonstrate effective antioxidant activity while the ethyl acetate extracts and squalene showed higher activity. The effects of various amounts of the two A. caudatus acetate extracts and isolated squalene on lipid peroxidation of liposomes are shown in Table 3 . The inhibition of lipid peroxidation in % was calculated by the following equation:
where FRM is the absorbance of the control reaction, ET is the absorbance in the presence of the sample of ethyl acetate extracts of the two A. caudatus varieties and squalene. The absorbance of liposomes only (B) and extract alone (EA) were also taken into account.
The IC 50 values of ethyl acetate extracts of A. caudatus var. Oscar blanco and var. Victor red seeds and squalene were: 0.50 mg/ml and 0.62 mg/ml, respectively, for ethyl acetate extracts and 0.023 mg/ml for squalene.
These results show that ethyl acetate extracts of both varieties of A. caudatus seeds can be used as an easily accessible source of natural antioxidants, particularly A. caudatus var.
Victor red which contains a higher level of squalene included in the n-hexane extract that showed potent antioxidant activity. A. caudatus var. Victor can be used as an alternative to marine animals as a natural source of squalene. Both epidemiological and clinical studies have provided evidence that antioxidants occurring in cereals, fruits and vegetables are principal contributing factors for the reduced incidences of chronic degenerative diseases in populations whose diet is rich in the intake of specific foods such as soybean, among others. 16) However, the components responsible for the antioxidant activity of ethyl acetate extract of the seeds of these A. caudatus varieties are currently unclear, although probably the phenolic compounds, particularly free phenolic acids that are isolated from A. caudatus, may contribute directly to the antioxidative action.
Effect of Amaranthus Extracts on Inhibition of a a-Amylase Although the antioxidant activity of A.c. var. Oscar blanco and A.c. var. Victor red did not differ significantly from each other statistically, significant differences were noticed in relation to antidiabetic activity.
The antidiabetic activity was investigated through the inhibition of a-amylase, an enzyme that made the digestion of starch and so reduced the glucose absorption. The a-amylase inhibition was expressed as a percentage of inhibition and calculated by the following equations:
The results (Table 4) revealed that methanolic extracts showed 50.5% of inhibition of a-amylase for A. caudatus var. Oscar blanco and 28% for A. caudatus var. Victor red at a concentration of 25 mg/ml ( also found in the activity of ethyl acetate extracts which showed 87 % of inhibition at 50 mg/ml for var. Oscar blanco while 84% at 250 mg/ml for var. Victor red. Instead, similar results were obtained for hexane extracts (90% of inhibition at 100 mg/ml) of both Amaranthus caudatus varieties. Therefore, squalene was the main component of n-hexane extracts (Fig. 1 ); this compound was tested for antidiabetic activity. The results showed a % of inhibition of 36% at 250 mg/ml. Because the inhibition of a-amylase of n-hexane extract was higher than pure squalene, other components in addition to squalene in the unsaponifiable fraction may also contribute to the overall inhibition of a-amylase performance.
In conclusion, the present work indicated that isolated squalene and ethyl acetate extracts of A.c. var. Oscar blanco and A.c. var. Victor red seeds show potent antioxidant activity. All extracts showed appreciable antidiabetic activity through a-amylase inhibition. Therefore, further work could be done on the identification of effective antioxidative and antidiabetic compounds in A. caudatus var. Oscar blanco and var. Victor red seeds. a) All determinations were carried out in triplicate and averaged. The amylase inhibitory activity (%) was defined as the percent decrease in the maltose production rate over the control.
